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Specifications 

L Title of the Invention 

A Method for Manufacturing A Semiconductor Thin Film 
21. Claims 

(1) A method for manufacturing a semiconductor thin film wherein a 
noncrystalline semiconductor thin film is formed on a insulating 
substrate and the above noncrystalline semiconductor thin film is made 
iato polycrystalline semiconductor thin film by scanning and radiation of 
a laser beam, the above method being characterized in that the scanning 
speed of the laser beam is set over beam spot diameter x 500/second, 
thereby crystallization is made without reaching at a complete melting 
condition. 

(2) A method for manufacturing a semiconductor thin film set forth in 
claim 1 wherein the noncrystalline semiconductor thin film is a 
noncrystalline silicon thin film. 

(3) A method for manufacturing a semiconductor thin film set forth in 
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(3) A method for manufacturing a semiconductor thin film set forth i„ 
claim I or 2 wherein the thin film thickness of the non crystalline 
semiconductor thin film is set below 4000A. 

(4) A method for manufacturing a semiconductor thin film set forth in 
claim 1 or 2 wherein the wavelength of the laser beam is 20000 to 
|1000A. 

(5) A method for manufacturing a semiconductor thin film set forth in 
plaim 4 wherein the laser beam is a CW Ar laser. 

(6) A method for manufacturing a semiconductor thin film set forth in 
claim 1 wherein the insulating substrate is a glass substrate. 

J. Detailed Description of the Invention 
[Field of the Invention] 

The present invention relates to a method for manufacturing a 
nemiconductor thin film to be used in the manufacturing of thin film 
Ijransistors or so on insulating substrates. 
IjPrior Art] 

There are great expectations for a thin film transistor (TFT) formed 
on an insulating substrate such as a glass substrate as an active matrix 
desirable for a plane display apparatus using crystal liquid, 
electroluminescence and so forth. As a semiconductor thin film on an 
insulating substrate to form this thin film transistor, a method using a 
noncrystalline silicone film and a method using a polycrystalline silicon 
film are conventionally suggested. 

In the above first method using a noncrystalline silicone film, film 
accumulation is made in general at temperature below 300*C by the 
pilasma CVD method or so, and the whole process of transistor formation 
iiJ made at low temperature, therefore, low-priced glass substrate with 
n,ot so high heat resistance temperature can be used and further it is 
possible to make a accumulating apparatus large, accordingly, it is easy 
to make a substrate as an active matrix large, and it is an effective 
method. However, the conductivity of a noncrystalline silicon film is 
small, so as to obtain a transistor ON current enough as an active matrix, 
ii is necessary to make a transistor dimension large, which leads to 
decline in reliability and pixel opening rate. Since carrier transfer degree 
h\ low, transistor action speed is slow and there is a limit in the number 
of pixels to be controlled as active matrix, and further it is impossible to 
form scanning circuits around active matrix on the same substrate, 
which have been problems. Moreover, the optical conductivity of a 
noncrystalline silicon film is large, as a result, optical current is 
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generated when a transistor gets OFF and the current ON/OFF rate at 
beam radiation is conspicuously deteriorated, which has been another 
problem. 

To solve the above problems, suggested is the second method using 
|a polycrystalline silicon film. A polycrystalline silicon film is in general 
formed by use of reduced pressure CVD method, as for its film 
characteristics, the conductivity and carrier transfer degree both appear 
larger by one digit in comparison with a noncrystalline silicon film, and 
optical conductivity is small., therefore, it is possible to form an active 
matrix with higher performance and higher reliability, as a consequence, 
this method is now under energetic examinations as the method to solve 
the problems with the above method using noncrystalline silicon film. 
[Problems to be Solved by the Invention] 

Conventionally, as a method to form a polycrystalline silicon film on 
} glass substrate, reduced pressure CVD method and plasma CVD method 
iiiave been employed. 

However, in these methods, it is necessary to keep the substrate 
liemperature over 600'C at film formation and at temperature below 
lihat, only a noncrystalline silicon film can be obtained. Therefore, it is 
necessary to use high-priced glass substrate materials such as quartz 
jjlass and so having higher heat resistance temperature than that of 
ordinary soda lime glass. And in this temperature range, it is difficult to 
make a film forming apparatus by reduced pressure CVD method and 
CVD method large in comparison with plasma CVD apparatus or so for 
noncrystalline silicon film at lower temperature range and it is very 
difficult to make a substrate size large. And also suggested is molecular 
beam vapor deposition method as a method for forming a 
polycrystalline silicon film, where a bit lower substrate temperature 
around 550'C is available, nevertheless, it is far difficult to make the 
substrate size large than the abovementioned method and an apparatus 
according to the method will cost high. 

As mentioned above, the conventional methods for forming a 
polycrystalline silicone film have had big problems in formation 
t:mperature and glass substrate heat resistance temperature and the 
countcrmeasures for large size of substrate. 

, As a method to solve the above problems, a method is suggested 
where CW Ar laser beam is radiated onto a noncrystalline silicon film 
formed on an insulating film and thereby a polycrystalline silicon film is 
farmed. (Applied Physics Letters, vol.38 (1981), No.8, pp 613-615) Even 
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in this case, it is necessary to make the formation temperature of the 
above noncrystalline silicon film over 500*C, and also process 
temperature over 500'C is required, which have been another problem. 
[Means to Solve the Problems] 

The present invention has been made so as to solve the problems 
with the conventional methods for forming a pol ycrystalline 
semiconductor thin film on an insulating substrate, accordingly, the 
process of scanning and radiation of laser beam after forming 
noncrystalline semiconductor thin film on a insulating substrate made 
above noncrystalline semiconductor thin film into poly crystalline 
semiconductor thin film, the above method being characterized in that 
the scanning speed of the laser beam is set over beam spot diameter x 
500/second, thereby crystallization is made without reaching at a 
complete melting condition. 

In a structure of the present invention, first, a noncrystalline 
semiconductor film represented by a noncrystalline silicon film is 
accumulated onto an insulating substrate such as a glass substrate, a 
ceramic substrate and so forth by plasma CVD method or optical CVD 
method, reduced pressure CVD method, electron beam deposition 
method and so forth. At this moment, it is preferable to make the 
accumulate film thickness 4000A to lOOA. Generally, in formation of a 
aoncrystalline semiconductor thin film by plasma CVD method or optical 
CVD method with hydrides such as SiH 4 , Si 2 H6 and so as raw material 
,5as, when the substrate temperature is low, a great deal of hydrogen is 
'iaken into a noncrystalline semiconductor thin film and when the 
lioncrystalline semiconductor thin film is crystallized by radiation of a 
laser beam, hydrogen shoots up to come out, preventing stable 
crystallization, therefore, dehydrogenation processing may be carried 
out by making the substrate temperature over 30(TC, and keeping the 
noncrystalline silicon film in inactive gas atmosphere or vacuum at 
around 350'C after film formation. 

The. reason why it is preferable to make the accumulated film 
thickness of noncrystalline semiconductor thin film such as a 
noncrystalline silicon film and so forth below 4000A is explained 
hereinafter. As film thickness exceeding 4000A, at laser beam radiation 
to be carried out later, it is strongly influenced by shooting up hydrogen 
which is included in the film, and obtained poly cry stalline 
S|emiconductor thin film will occur cracks, voids, and peeling off, so it is 
t,ecessary to avoid this by making the accumulation temperature over 



4 



FROM S. E. L. CO. . LTD. 2F NOl 



1998^113 6B (£> 1 7: 0 7/Wlt 7 : 0 2/X»§^4 8 0 1 352007 ? 55 



500*C. On the other hand, at film thickness below 4000A, there is no 
need to make accumulation temperature over 500'C and the allowable 
range of laser power is widened. By the way, it is difficult to make this 
noncrystalline semiconductor thin film into TFT at below 100A and it is 
preferable to make film thickness over LOOA. 

Accordingly, it is preferable to appropriately decide the film 
thickness of a noncrystalline semiconductor thin film below 4000A, and 
inormally, it may be set from 2000 to 3000A. 

And when the noncrystalline semiconductor thin film is formed, an 
insulating film of oxide silicon film, nitride silicon film or so may be 
accumulated on the insulating substrate in advance. 

And the noncrystalline semiconductor thin film may be patterned 
in advance. Then, laser beam is scanned and radiated onto this 
noncrystalline semiconductor thin film. The spot diameter of laser beam 
may be decided appropriately, but it is preferable to make it larger than 
the short side dimension of a transistor to be formed later, however, the 
larger the diameter is the larger the power of laser beam will be needed, 
so in general the spot diameter is set from 30 to 200(im. 

In the present invention, the scanning speed of the laser beam is 
set over beam spot diameter x 5000/second, thereby the noncrystalline 
semiconductor thin film is crystallized and got into a poiycrystailine 
semiconductor thin film without a complete melting condition. 

Laser beam used in the present invention may be by continuous 
oscillating laser with wavelength 20000A to 1000A, for example, YAG 
laser, He-Ne laser, Alexandlight laser, Ar laser, Kr laser and their high 
ijrequency laser, dye laser, eximer laser, and so forth may be employed. 
Especially preferable is laser from visible light range to ultraviolet 
lange. 

The scanning speed of the laser beam is set over beam spot 
diameter x 5000/second as mentioned above, and in general, it is below 
beam spot diameter x 500000/s econd even at most. By the way, in 
concrete, it is preferable to set it below 40 m/second. Thereby, 
crystallization of the noncrystalline is made without reaching at a 
complete melting condition. 

The reason is explained hereinafter with the relation between the 
change of noncrystalline semiconductor thin film at scanning and 
radiation of laser beam and laser power. First, when the radiation laser 
power is increased from a sufficiently small value in a certain scanning 
speed, a first laser power threshold value appears at which the 
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noncrystalline semiconductor thin film starts crystallization and gets 
into a polycrystalline semiconductor thin film. Crystallization without a 
complete melting condition is explained in details later herein. When the 
laser power is increased further, the semiconductor thin film finally 
.reaches melting condition, and a second laser power threshold value is 
seen. In order to obtain a stable polycrystalline semiconductor thin film, 
it is necessary to select radiation laser power at between the first and 
second laser power threshold values. However if scanning speed is slow, 
the intervals between the first and second laser power threshold values 
becomes small and further when the scanning speed is lower, there is no 
margin for setting of laser power suitable for forming a stable 
polycrystalline semiconductor thin film. On the other hand, when 
scanning speed is fast, the laser power threshold values increase more in 
comparison with the case at low speed and the interval becomes large 
md the laser power setting margin expands. The reason why the 
preferable range of scanning speed lies in the relationship with beam 
spot diameter is that when attention is paid to radiate portion 
sufficiently smaller than beam spot diameter, in a certain scanning 
speed, radiation time is in proportion to beam spot diameter and 
ifadiation energy is almost in proportion to this radiation time. From the 
above reason, scanning speed is set at beam spot diameter x 
'>000/second. 

Thereby, the noncrystalline semiconductor thin film is crystallized 
without a complete melting condition, and can become a polycrystalline 
semiconductor thin film in a short time, consequently, it is possible to 
use low-priced glass substrate with low heat resistance temperature, 
2\nd also it is possible to cope with large size substrate. 

By the way, when laser beam is scanned and radiated onto a 
noncrystalline silicon film, an insulating film such as oxide silicon film or 
nitride silicon film and so forth may be formed on noncrystalline 
semiconductor thin film in advance, and be used as coating of laser 
beam or surface protective film. 

A noncrystalline semiconductor thin film in the present invention 
includes not only one having a complete noncrystalline structure in a 
narrow meaning, but also so-called crystallite semiconductor film, i.e., 
one having fine crystal particles which is diameter below 50 nm. As a 
noncrystalline semiconductor thin film in the present invention, a 
noncrystalline silicon film is most suitable and also may be applied to 
other noncrystalline semiconductors such as noncrystalline germanium 
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and so forth. And the beam spot diameter in the present invention 
means the d.ameter including over 87% of laser power on a radiation 
surface. 

Now explanation is made on the crystallization of the above 
(noncrystalline semiconductor thin film without a complete melting 
(condition. 9 

In general, when crystallization or crystal particle growth is 
conducted by giving energy, a method of re-caking after melting or a 
method of maintaining for a very long time at a high temperature below 
a fusing point is adopted. In the former method, the speed of re-caking 
is in general as slow as below 10 cm/second at fastest and a high 
.temperature over melting point is required. In the latter method, as 
maintenance temperature goes below fusing point, a long time process, 
ifor example, over 100 hours, is required. 

On the contrary, when laser beam is radiated onto a noncrystalline 
semiconductor thin film, there exist characteristic optical inductive 
structural change and crystallization at solid phase and heat generation 
of crystallization and so forth peculiar to noncrystalline semiconductor 
thin film, as a result, crystallization at high speed is enabled without a 
complete melting condition, and in the present invention, this 
phenomena in the present invention is used so as to realize 
prystallization at low temperature and at high speed. 
[Action] 

According to the present invention, a Laser beam such as CW Ar 
:aser beam and so forth is scanned and radiated onto a noncrystalline 
semiconductor thin film and so such as a noncrystalline silicon thin film 
iformed on an insulating substrate such as a glass substrate and so, 
Ihereby it is possible to make poly crystalline semiconductor thin film 
such as polysilicon film without reaching at a complete melting condition 
and the insulating substrate temperature hardly increase on average 
and it is far lower than the melting temperature of semiconductor raw 
material partially and instantaneously, and also is lower than so-called 
crystallization temperature, i.e., noncrystalline semiconductor thin film 
temperature defined as a characteristic value, therefore, it is possible to 
i.se an insulating substrate with a low heat resistance. 

Moreover, the film thickness of noncrystalline semiconductor thin 
film is set below 4000A, even if the accumulation temperature is under 
500'C, it is possible to prevent cracks, void, peeling off and other 
failures owing to shooting up hydrogen at radiation of laser beam. 
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And the crystallization speed of noncrystalline semiconductor thin 
film tn the present invention is far faster than the speed in the case of 
caking and recrystaltization from melting condition seen in what is 
called laser anneal method and even if the scanning speed for scanning 
and radiating a laser beam is set over beam spot diameter I 
5000/second. crystallization is enabled and ic is possible to crystallize in 
the low temperature and in high speed. And there is another effect that 
it is possible to take enough wide margin to set laser power with which 
polycrystalline semiconductor thin film can be attained stably at such a 
scanning speed. 

The present invention is most suitable for application to a 
• noncrystalline silicon film as a noncrystalline semiconductor thin film, 
however, it is understood well that the present invention may be 
applied to other noncrystalline semiconductor thin films such as 
(noncrystalline germanium film and so forth. 
[[Description of Preferred Embodiments] 
jPreferred Embodiment 1 

On a substrate made of soda lime glass, by use of raw gas of SiH4 
and N 2 0, and by plasma CVD method, oxide silicon film (Si0 2 ) was 
accumulated 2000A at substrate temperature 350'C, continuously, by use 
of raw gas of SiH 4 noncrystalline silicon film was accumulated 3000A in 
the same way. Then, CW Ar laser beam was scanned and radiated onto 
this noncrystalline silicon film. The beam spot diameter was 100E m, 
the scanning speed was 1.2 m/second (beam spot diameter x 
Il2,000/second), and laser power was 9W. 

The crystal particle diameter of the obtained polycrystalline silicon 
film was 0.2 to 3.0nm. At this moment, the dark red and almost opaque 
noncrystalline silicon film turned into light yellow and almost 
transparent status by scanning and radiation of the laser beam. 

FIG.l is a sectional diagram showing this scanning condition, 
wherein the code 1 is a CW Ar laser beam, the code 2 is a noncrystalline 
isilicon film, the code 3 is ah insulating film, the code 4 is a glass 
substrate, and scanning is made in backward and forward directions in 
i he diagram and the portion of noncrystalline silicon film is crystallized 
ijnto a polycrystalline silicon film, the code5. 
Comparative Examples 1 to 7 

While, when laser power was increased to L1W (Comparative 
lixample 1), the noncrystalline silicon film was almost transparent after 
radiation, but it appeared to flocculated and be rough on the glass 
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substrate and did not show a uniform condition. This means it is reached 
at melting condition. 

And when laser power was increased to 7W (comparative Example 
2), the noncrystalline silicon film did not turn into a polycrystalline 
silicon film though only its light transmission was reduced after 
radiation. 

In the case chat on a noncrystalline silicon film formed in the same 
manner as the preferred embodiment 1, CW Ar laser beam was scanned 
ind radiated lOO^m same as the preferred embodiment 1, 0.20 
;n/second (beam spot diameter 2000 times/second)as the scanning 
:fpeed, if laser power was 2.8W(Comparative Example 3), the 
noncrystalline silicon film did not show polycrystallization though only 
iits light transmission was reduced a bit after radiation, but if laser 
power was 3.1W (Comparative Example 4), the noncrystalline silicon 
lilm appeared flocculation and rough from radiation surface, changed 
into almost transparent status, which showed that it reached a melting 
condition and as shown in FIG.2, the surface of the glass substrate 
appeared concaves and convexes, and partially microcracks, the code6 
vfere seen. 

When the thickness of the noncrystalline silicon film was 5000A, CW Ar 
User beam was radiated under the same condition in the preferred 
embodiment 1 (beam spot diameter lOOpun, scanning speed 1.2 
m/second, laser power 9W) (Comparative Example 5), as shown in FIG.3, 
many voids and many cracks just like linking void, the code7 were seen 
on the polycrystalline silicon film. At that moment, when laser power 
was set to 7W (Comparative Example 6), it only showed reduction of 
light transmission as same as the Comparative Example 2 and 
polycrystalline silicon film was not formed, while, when laser power was 
s«:t to 11W (Comparative Example 7), it appeared flocculation and rough 
a:j same as the Comparative Example 1, in addition, film was recognized 
to scatter partially. 
Preferred Embodiment 2 

At that moment, when the substrate temperature was set as high as 
500'C and the film thickness of the noncrystalline silicon film was set 
5000A and CW Ar laser beam was radiated under the same conditions 
ai the above, beam spot diameter 100p.m and scanning speed 1.2 
m/second, if laser power was 9W, the noncrystalline silicon film similar 
to that at 9W in the preferred embodiment 1 was obtained, but at 8W 
only reduction of light transmission was seen as same in the Comparison 



9 



FROM S. E. L. CO. . LTD. 2F NO 1 



1998^113 6B (£) 17:08/S»1 7: 02/^1»1&^4SO 1352007 P 60 



Example 2, while at iOW, as shown in FIG.3, many cracks just like 
Unking voids and many voids were seen on the pol ycrystall inc silicon 
film, as a consequence, polycrystalline silicon film was obtained, 
however,, in comparison with the case shown in the preferred 
embodiment 1, the setting margin of laser power was small and also it 
was necessary to raise the temperature. 
(Effect of the Invention] 

As mentioned heretofore, in the present invention, when a laser 
beam such as CW Ar laser beam or so is scanned and radiated onto a 
noncrystalline semiconductor thin film such as a noncrystalline silicon 
film on an insulating substrate such as a glass substrate or so, scanning 
speed is set over beam spot diameter x 5000/second, thereby the 
noncrystalline semiconductor thin film is crystallized without a complete 
melting condition and becomes stably a polycrystalline semiconductor 
thin film and further the accumulated film thickness of the above 
noncrystalline semiconductor thin film is set below 4000A, thereby it is 
possible to set the accumulation temperature of usable noncrystalline 
semiconductor thin film under 500"C as a consequence, it is possible to 
use a normal, glass substrate as insulating substrate raw material, and 
also it is possible to cope with the large size of substrate, thus the 
present invention is very excellent and useful in a method for 
manufacturing active matrix for plane display apparatuses in 
comparison with the conventional methods for forming polycrystalline 
semiconductor thin film. 

Moreover, a method according to the present invention, it is 
piossible to selectively make only a specific portion of noncrystalline 
semiconductor thin film on an insulating substrate a polycrystalline 
semiconductor thin film, thereby it is possible to easily manufacture a 
portion to be used as a noncrystalline semiconductor thin film on the 
same insulting structure and a portion to be used as a polycrystalline 
semiconductor thin film without separate arrangement of film forming 
process and patterning process by photolithography. 

Moreover, a method according to the present invention may be 
applied to the manufacturing of multilayer semiconductor devices too 
and if a method is applied to a noncrystalline semiconductor thin film 
that is formed at low temperature on insulting film on a semiconductor 
dsvice which have already formed elements and circuits, it is possible to 
form a polycrystalline semiconductor thin film and arrange elements 
without giving heat damage onto elements and circuits formed already 
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in lower layer. 

4. Brief Description of the Drawings 

FIG.l is a sectional diagram showing a noncrystalline silicon film 
becoming stably polycrystalline silicon film. 

FIG.2 and FIG.3 are sectional diagrams showing the conditions of the 
polycrystalline silicon films in comparative examples. 

1 CW Ar laser beam 

2 Noncrystalline silicon film 

3 Insulating film 
■|* Glass substrate 

5 Polycrystalline silicon film 
»5 Microcrack 
7 Void 
IFIG.l] 

CW Ar laser beam 
Polycrystalline silicon film 
Noncrystalline silicon film 
Insulating film 
Glass substrate 
[FIG.2] 
[fIG.3] 

Agents Kenji Motohashi and another 
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